Objective The purposes of this study were three-fold: (i) to describe handgrip strength in older individuals aged ≥60 years in Colombia; (ii) to identify sex-specific and age-specific muscle weakness cut-off points in older adults; and (iii) to determine the odds of adverse events for each of the intrinsic capacity domains for individuals with handgrip strength greater than the muscle weakness cut-off points, as compared with their weaker counterparts. Methods A cross-sectional study was conducted in Colombia, among 5237 older adults aged ≥60 years old (58.5% women, 70.5 ± 7.8 years), according to 'SABE Survey 2015'. Handgrip strength data were obtained with a Takei dynamometer. Sociodemographic variables, five domains of intrinsic capacity (i.e. locomotion, vitality, cognition, psychological, and sensory), and medical conditions were assessed and analyzed. Adjustments variables were age, ethnicity, socio-economic status, urbanicity, body mass index, smoking status, alcohol intake, drug use, physical activity, and co-morbid chronic diseases. Sex-stratified analyses were conducted with logistic regression models. Results Handgrip strength was greater among men than among women (26.7 ± 8.5 vs. 16.7 ± 5.7 kg, respectively, P < 0.001) at all ages. Weak handgrip strength cut-off points ranged from 17.4 to 8.6 and from 10.1 to 4.9 in men and women, respectively. Overall, participants with optimal handgrip strength had better intrinsic capacity [in men, odds ratio (OR) = 0.62, 95% confidence interval (CI) 0.53 to 0.71; P < 0.001; and in women, OR = 0.79, 95% CI 0.68 to 0.92; P = 0.002] than their weaker counterparts. Also, men with optimal handgrip strength had a lower risk of hospitalization (OR = 0.47, 95% CI 0.29 to 0.78; P = 0.004) than their weaker counterparts. Conclusions This study is the first to describe handgrip strength values and cut-off points for muscle weakness among a nationally representative sample of Colombian older adults by age and sex. After categorizing older adults as weak or not weak based on the handgrip cut-off points, non-weakness was associated with a decreased odds of intrinsic capacity impairments. These cut-off points may be good candidates for clinical assessment of risks to physical and mental health in older Colombian adults.
Introduction
Colombia is a country with approximately 48 million inhabitants, with some 5.2 million inhabitants aged 60 years and older.
1 Currently, the life expectancy in Colombia is 72.3 years, and by 2025, life expectancy is expected to be 77.6 years for women and 69.8 years for men. In this context, the World Health Organization has published the World Report on Aging and Health, 2 which describes healthy ageing as the result of the interaction between the physical and mental capacity of an individual (the intrinsic capacity) and the context of each individual's life (the environment).
3 Accordingly, healthy ageing depends upon intrinsic capacity, socio-economic status, and physical environment, and the interactions between these factors. 4 In this vein, the World Health Organization has proposed five domains-locomotion, vitality, cognition, psychological, and sensory-that can be used to evaluate an individual's intrinsic capacity. Muscular strength as evaluated by handgrip strength has predictive value for assessing declines in physical and mental capacities in older adults, 5 which are both components of the intrinsic capacity construct. Recent studies have shown that greater handgrip muscular strength is associated with lower all-cause 6 and cancer mortality. The world's population is rapidly getting older 8 ; thus, the preservation of muscle strength and power with advancing age is of considerable clinical significance. Against this background, the development of clinically viable screening tools for detecting individuals at heightened risk for functional limitations is warranted. 7 Indeed, it has been reported that handgrip strength reference values and muscular weakness cut-off points for older adults are needed, 9 but no data have yet been described for the Colombian elderly population. Additionally, several cross-sectional studies have presented different handgrip strength cut-off points in Italian, 10 Finnish, 11 Chinese, 12 and American 13,14 older adults, thus suggesting that different ethnicities may have different muscle weakness cut-off points for identifying clinically relevant health outcomes.
The results of the Survey on Health, Well-Being, and Aging in Latin America and the Caribbean (SABE, from the initials in Spanish SAlud, Bienestar, and Envejecimiento) have increased our understanding of the ageing process and have helped to create public policies aimed at improving the well-being of the Latin American and Caribbean populations. They have also provided a framework for performing a second set of studies in the region.
The purposes of this study were three-fold: (i) to describe handgrip strength in older individuals aged ≥60 years in Colombia; (ii) to identify sex-specific and age-specific muscle weakness cut-off points in older adults; and (iii) to determine the odds of adverse events for each of the intrinsic capacity domains for individuals with handgrip strength greater than the muscle weakness cut-off points, as compared with their weaker counterparts.
Materials and methods

Study design
This study is part of the 2015 SABE study Survey on Health, Well-Being, and Aging in Latin America and the Caribbean. Of the initial 23 694 elderly Colombians who took part in SABE Colombia, a total of 5237 were included in the present analysis after excluding participants without handgrip strength results (n = 18 457). There were no differences in the study key characteristics (i.e. age groups, body mass, height, body mass index, and sex distribution) between the current study sample and the original SABE study sample (all P > 0.05). The 5237 elderly Colombians constituted the final analytical sample of the non-institutionalized population. Institutional review boards at the two universities involved in developing the SABE Colombia study (University of Caldas, ID protocol CBCS-021-14, and University of Valle, ID protocol 09-014 and O11-015) reviewed and approved the study protocol, and written informed consent was obtained from each individual before inclusion and completion of the first examination (including permission to use secondary data and blood samples). The study protocol to the secondary analysis was approved by The Human Subjects Committee at the Pontificia Universidad Javeriana (ACTA ID 20/2017-2017/180, FM-CIE-0459-17).
Details of background and design methods (i.e. characteristics of participants, sample calculation, outcomes, and analysis plan) of the SABE study have been previously published elsewhere 1 ; nevertheless, the most relevant information is briefly described in the succeeding texts. All information collected was obtained through face-to-face interviews conducted at each site on mobile capture devices (e.g. tablets) or with printed versions of the questionnaire. During the personal interviews, direct physical measurements were taken, including handgrip strength [absolute and relative; i.e. handgrip strength (kg)/body mass (kg)], measured with a Takei dynanometer (Takei Scientific Instruments Co., Tokyo, Japan), height (standing and sitting), and weight. Five domains of the intrinsic capacity (locomotion, vitality, cognition, psychological, and sensory) were assessed as follows: (i) the cognition domain was assessed by the modified version of the mini-mental state examination 15, 16 ; (ii) the locomotion domain was defined according to five definitions-sarcopenia, 17 The self-reported co-morbidities or medical conditions category was assessed by asking the participants if they had been diagnosed by a physician with hypertension, diabetes, respiratory diseases, cardiovascular diseases, cancer, or osteoporosis. Drug use was evaluated with the following question: 'Do you currently take or use any prescription medication'? For the lifestyle domain, personal habits regarding alcohol consumption and cigarette smoking were recorded. A 'proxy physical activity' was also evaluated. Finally, hospitalization >24 h in the last year was recorded. Details of the methods are available in the Supporting Information.
Data analysis
We used SPSS v24.0 software for Windows (SPSS, Chicago, IL, USA), except for the LMS method calculations (see the succeeding texts). The optimal power to obtain normality was calculated for each of a series of age groups and the trend summarized by a smooth (L) curve. Trends in the mean (M) and coefficient of variation (S) were similarly smoothed. The resulting L, M, and S curves contain the information to produce any centile curve and to convert measurements (even extreme values) into exact standard deviation (SD) scores. 23 Anthropometric and handgrip characteristics from the study sample are presented as the mean and SD. Normality for the selected variables was verified using histograms and Q-Q plots. Differences were analyzed by two-way analysis of variance or the χ 2 test to compare sex and age differences. The LMS method assumes that the outcome variable has a normal distribution after a Box-Cox power transformation is applied, according to the LMS method implemented in the LMS Chart Maker Pro Version 2.54 (Medical Research Council, London, UK). Smoothed and specific curves for each age were obtained via a penalized maximum likelihood with the following abbreviations: M (median), L (Box-Cox transformation), and S (coefficient of variation). 24 The appropriate number of degrees of freedom was selected on the basis of the deviance, Q-tests, and worm plots, following the suggestions of Royston and Wright. 25 The P3, P10, P25, P50, P75, P90, and P97 smoothing centiles were chosen as age-specific and sex-specific reference values. Statistical significance was assessed with a two-tailed α level of 0.05. Finally, logistic regression models were used to compare the prevalence of adverse events in the five domains of the intrinsic capacity according to the cut-off for handgrip strength. The analysis was adjusted for age, ethnicity, socio-economic status, urbanicity, body mass index, smoking status, alcohol intake, drug use, physical activity, and medical conditions (presence or absence of osteoporosis, cardiovascular diseases, hypertension, diabetes, cancer, or respiratory diseases).
Results
The characteristics of the sample are summarized in Table 1 . Age ranged from 60 to 85 years, with a mean of 70.5 ± 7.8 years. Absolute and relative handgrip strength was higher among men than among women (P < 0.001). In the total sample, self-reported co-morbidities were presented in the following proportions of cases: cancer (4.9%), respiratory diseases (10.8%), osteoporosis (12.3%), cardiovascular diseases (14.3%), diabetes (16.6%), and hypertension (55.9%). According to the intrinsic capacity domains, overall, women had more problems with locomotion, sensory, and psychological parameters than men (P < 0.01), except in terms of hearing problems. Table 2 and Figure 1 show smoothed age-specific and sex-specific percentiles of handgrip strength in men (panel A) and women (panel B). The data showed that men performed better in the test at all ages than women. In men, the 50th centile of handgrip strength ranged from 17.6 to 30.5 kg and in women from 12.4 to 18.5 kg. There was a decrease in muscle strength across the age range in both sexes.
Weak handgrip cut-off values using <1 SD by sex and age group are shown in Table 3 . These cut-off points ranged from 17.4 to 8.6 and from 10.1 to 4.9 in men and women, respectively.
Finally, Figure 2 shows the association between optimal handgrip strength (kg) with the domains of intrinsic capacity. Overall, participants with optimal handgrip strength had better intrinsic capacity than weak older adults, including both men [odds ratio (OR) = 0.62, 95% confidence interval (CI) 0.53 to 0.71; P < 0.001] and women (OR = 0.79, 95% CI 0.68 to 0.92; P = 0.002). Regarding the intrinsic capacity domains, older men with optimal handgrip strength had lower odds of having cognition (OR = 0.50, 95% CI 0.29 to 0.85; P = 0.010), locomotion (OR = 0.47, 95% CI 0.37 to 0.59; P < 0.001), and vitality (OR = 0.68, 95% CI 0.47 to 0.98; P = 0.040) problems than their weaker counterparts. Older women with optimal handgrip strength also had lower odds of having cognition (OR = 0.44, 95% CI 0.24 to 0.80; P = 0.007), locomotion (OR = 0.66, 95% CI 0.51 to 0.85; P = 0.001), and psychological (OR = 0.57, 95% CI 0.40 to 0.82; P = 0.002) problems than their weaker counterparts (Figure 2) . Additionally, older men with handgrip strength greater than the muscle weakness cut-off points had lower odds of hospitalization than their weaker counterparts (OR = 0.47, 95% CI 0.29 to 0.78; P = 0.004).
Discussion
Using a nationally representative sample of older Colombian adults, this study presents normative data for handgrip strength, identifies sex-specific and age-specific muscle weakness cut-off points, and determines the odds of adverse events for each intrinsic capacity domain for individuals with handgrip strength greater than the muscle weakness cut-off points. Overall, older adults with handgrip strength greater than the muscle weakness cut-off points had lower odds of adverse events in most of the intrinsic capacity domains (especially in cognition and locomotion domains) and hospitalization (only in men) than their weaker peers. Our results may inform intervention strategies aiming to increase muscle strength and promote healthy ageing. L, power in the Box-Cox transformation for 'correcting' the skewness; M, median; P, percentile; S, coefficient of variation. ranges among countries. 32 Also, beyond ethnic differences in height and in skeletal muscle mass and function, 33 there are well-recognized differences in dietary protein intake between different countries, and this variation might also explain differences in muscle strength. 34 Absolute strength has also been related to nutrition status and is reported to have positive influence on individuals' grip strength. Another possible reason for the divergence between studies might be methodological differences (i.e. variability in the equipment used and the protocol for measuring handgrip strength).
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Several studies have determined absolute 10,11,14 and relative handgrip strength cut-off points 12,13 that are overall higher than our cut-off points. For example, Duchowny et al. 14 determined cut-off points for weakness associated with gait speed (<0.8 m/s) in older American adults, with Figure 2 Association between healthy handgrip strength (kg) with the components of the intrinsic capacity and hospitalization. The analysis was adjusted for age, ethnicity, socio-economic status, urbanicity, body mass index, smoking status, alcohol intake, drug use, physical activity, and medical conditions (presence or absence of osteoporosis, cardiovascular diseases, hypertension, diabetes, cancer, or respiratory diseases). *Pooled intrinsic capacity was calculated without hospitalization outcome values. CI, confidence interval; SPPB, short physical performance battery.
values of <40 and <31 kg in men and women, respectively. Similarly, Cruz-Jentoft et al.
10
found that among community-dwelling older adults in Italy, a handgrip strength <30 kg in men and <20 kg in women was associated with slow gait speed and an inability to walk 1 km without difficulty. Therefore, different cut-off points are observed in different countries; however, while the nature of these differences is unclear, 31 as mentioned, heterogeneous designs, genetic, and environmental factors may explain some of the differences among the studies. The handgrip strength cut-off points reported in the present study are useful for determining who among older adults may benefit from lifestyle modifications to preserve muscle strength and reduce the odds of physical and mental limitations. In this context, our results reveal that older men with handgrip strength greater than the muscle weakness cut-off points had a lower odds of hospitalization for >24 h than their weaker counterparts. However, the cross-sectional design of the present study did not allow us to determine whether the measured handgrip strength differed from habitual strength or if the handgrip was impaired as a result of the presenting condition (see limitations in the succeeding texts). Our results partially confirm those of previous studies that analyzed the prospective association between customary handgrip strength and hospital admission, which showed varying results 9, 36 The Hertfordshire Cohort Study 9 provided evidence that handgrip strength among community-dwelling men and women in the UK was associated with risk of hospital admission over the following decade. In contrast, a prospective study of 279 older adults aged ≥70 years from Germany who were followed up for 18 months found no association between handgrip strength and the risk of hospital admission. 36 The differences between these studies may be explained by the thresholds for admission, which likely differ between healthcare systems and their cross-sectional design.
A recent narrative review reported that weak handgrip strength was associated with reduced cognitive performance over time; therefore, greater handgrip strength may be protective against cognitive decline in older adults.
37 Indeed, recent evidence has shown that weak handgrip strength is associated with an increased risk of psychological problems such as depression. 38, 39 These findings were confirmed by the results of our analysis, which suggested that older adults with handgrip strength greater than the muscle weakness cut-off points had lower odds of cognitive impairment and depression than their weaker peers. Overall, weak handgrip strength, cognition, and depression share some risk and pathogenic factors (particularly an increased rate of oxidative stress 40 and inflammation, 41 decreased sex hormone levels, 42 and maximal voluntary contraction 43 ) that may influence the onset of depression and cognitive impairment. 44 Given the strength of the evidence in this area, handgrip strength and our cut-off points are easy to utilize and are clinically useful biomarkers of cognitive decline and mental health across the lifespan of individuals from the Colombian population. Physical decline, in terms of decreasing muscle weakness and poor mobility, has been repeatedly included as an additional vital sign 45 and a key instrument for the functional assessment of older patients. 46 The present results are also in agreement with those of previous research and suggest that handgrip weakness is associated with measures of functional limitations in older adults. 47 For example, Ishizaki et al. 48 determined that older adults with weak handgrip strength had difficulty performing many tasks, such as shopping for groceries, preparing meals, and performing housework. Our lower cut-off points appear to have the ability to identify older adults of both sexes with locomotion problems. Therefore, it seems that it is especially important for older adults to preserve muscle strength to avoid functional limitations, such as by participating in muscle strengthening activities to preserve function. Additionally, our results suggest that optimal handgrip strength is associated with a lower odds of experiencing weight loss in older men, and so muscle strength could favour the maintenance of optimal homeostasis. Finally, the only intrinsic capacity domain that did not appear to be related to handgrip strength was hearing impairment. Hearing loss in the elderly is of increasing importance as the global population ages. Disabling hearing negatively affects communication and social engagement and can lead to reduced quality of life in adults 49 and may also underlie cardiovascular risk and diseases (i.e. diabetes, hypertension, and history of cerebrovascular accident). 50 These associations are mainly related to the compromised blood supply to the cochlea under vascular disease conditions, 51 as well as other sensor neural, nutritional status, and medical co-morbidity factors that may accumulate with age and are not a result of normal ageing. 51 Peripheral age-related hearing loss is also a possible biomarker and modifiable risk factor for cognitive decline, cognitive impairment, and dementia. [50] [51] [52] Our results, however, revealed that an individual with low levels of handgrip strength might not necessarily have a worse hearing status and suggest that different age-related mechanisms could be underlying this. The strengths of this study include the large sample size of older adults with a nationally representative proportion of persons aged ≥60 and the objective assessment of muscle strength. This study does, however, have some limitations. First, the cross-sectional design did not allow a definitive conclusion that weak muscle strength precedes adverse events. Second, several measures, such as falls, history of chronic disease, and drug use, were self-reported by participants; therefore, different types of response biases may have been introduced.
